Objective: To describe the association between duration of exclusive breastfeeding (EBF), weight gain in infancy and childhood BMI in two populations with a long duration of EBF. Design: Cohort study with follow-up in childhood. Breast-feeding status was reported monthly during infancy. Weight and length were measured at birth, 2, 6 and 12 months of age, as well as in childhood at 6 or 10 years of age. Setting: Iceland and Denmark. Subjects: Randomly selected healthy newborns from Denmark (n 85) and Iceland (n 100). Results: Infants exclusively breast-fed for #2 months gained 348 (95% CI 69, 626) g more weight from 2 to 6 months than infants exclusively breast-fed for 3-4 months (P 5 0?009). Weight gain from 6 to 12 months was found to be greater among infants exclusively breast-fed for #2 months compared with those exclusively breast-fed for $5 months (P 5 0?008). A greater weight change, in terms of Z-score, between the ages of 2 and 6 months was associated with higher Z-score of childhood BMI, adjusted for birth weight, country and duration of EBF (B 5 0?49, SE 5 0?11, P , 0?001, adj. R 2 5 0?15). However, the association was much stronger in the Icelandic cohort than the Danish one. Conclusions: Although duration of EBF was not associated with childhood BMI in the present study it may modulate growth rate in infancy, which is related to childhood BMI. However, other factors determinative for infant growth also need to be considered when assessing the relationship of early growth and nutrition to childhood overweight, as traditions in complementary food might differ between populations.
Interest in the early determinants of adult health has increased substantially during the past few years. Development of childhood overweight has in recent studies been related to rapid growth during early life (1) (2) (3) (4) (5) . Differences in weight gain during early infancy are at least partly explained by the means of feeding. Infant feeding practices vary between regions and countries, and therefore the critical growth periods associated with the development of childhood overweight might vary between different populations. In previous studies on the relationship between infant growth and childhood overweight, either formula feeding was dominating (3) or information on infant feeding patterns was lacking (1, 2) . Studies have shown that total duration of breast-feeding is associated with slower growth in the first year of life (6) (7) (8) , which could contribute to the protective effects of breastfeeding against overweight and obesity (9) (10) (11) . Breast-feeding is more frequent in the Nordic countries than in many other parts of the world (12, 13) . In the Nordic Nutrition Recommendations 2004 exclusive breast-feeding (EBF) is recommended up to 6 months of age (14) , which is in accordance with WHO recommendations from 2001 onwards (15, 16) . Previously the recommendation was 4-6 months. As relatively little is known about the effects of EBF on growth in infancy and its meaning for later childhood BMI, we used existing Danish and Icelandic cohorts that included data on EBF and repeated measurements of growth during infancy, as well as follow-up in childhood, to address this problem.
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we had the opportunity to describe the association between infant weight gain, duration of EBF and childhood BMI. The original infant studies from which the current analysis was conducted were exceptionally detailed (6, 17) and of very similar design, giving a possibility to assess periods of infant weight gain in relation to childhood BMI.
Subjects and methods

Study design
Both infant studies in Denmark and Iceland included random samples of healthy newborns with almost the same criteria for participation, i.e. singleton birth, birth weight for gestational age between the 10th and 90th percentile, gestational period of 37-41 or 42 weeks, no neonatal diseases resulting in admission to the neonatal department and no severe malformations, Danish or Icelandic parents, and mothers receiving regular antenatal care (6, 17) . Both cohorts were followed from birth to 1 year of age by monthly observations, and follow-ups were at 6 and 10 years of age in Iceland and Denmark, respectively. In both studies a control group was recruited at 9 months of age to assess if there were any effects of participating in the study. The Danish study was performed in agreement with the Declaration of Helsinki (1964) and approved by the local ethical committee (Journal no. KF-01-226/97). The local ethical committee at the Landspitali-University Hospital in Iceland and the Icelandic Data Protection Commission approved the study in Iceland.
Cohorts
The sample of infants for the Copenhagen Cohort Study on Infant Nutrition and Growth was recruited from deliveries at Hvidovre Hospital from October 1987 to February 1988 (17) . Hvidovre Hospital is one of the major hospitals in the municipality of Copenhagen, and the participating families were comparable with those in the remaining area. Detailed information on weight gain in infancy was mandatory to the present analysis and available throughout infancy for about eighty-five infants. Information on childhood BMI from follow-up was available for sixty-four subjects (13) . The sample for the Icelandic infant nutrition study (n 180) was taken during 1995-6 at four different maternity wards around Iceland, distributed by place and date of birth according to Statistics Iceland (6) . The criteria set for the follow-up study, i.e. complete data on infant size and growth parameters, along with complete information on breast-feeding throughout infancy, were fulfilled by 100 subjects who were invited to the follow-up study, of whom ninety agreed to participate (12) .
Breast-feeding
Breast-feeding status was reported monthly in both studies. Breast-feeding was defined as exclusive or partial.
EBF allowed supplements of water or camomile tea with no sugar or milk (Denmark), as well as vitamins and minerals (both countries). Infants were classified as partially breast-fed as long as they were breast-fed at least once daily. In the present analysis, the total duration of breastfeeding, calculated as the sum of exclusive and partial breast-feeding, was used. Total duration of breast-feeding was recorded at the age of 12 months. No difference was seen between the control groups and the research groups with respect to breast-feeding and nutrient intake (6, 17) .
Weight and length/height measurements in infancy and childhood In both cohorts weight and length at birth and throughout infancy were registered. These were used to estimate weight gain and length growth in certain periods in infancy.
In the Icelandic study weight was measured to the nearest 0?1 kg (model 1580; Tanita, Tokyo, Japan) and height to the nearest 0?5 cm at the age of 6 years in a clinical examination at Landspitali-University Hospital. Measurements were used to calculate BMI. In the Copenhagen study height was measured to the nearest 1 mm using a wall-mounted digital stadiometer (FORCE Institute, Copenhagen, Denmark) and weight was measured to the nearest 0?1 kg using an electronic digital scale (Seca model 707; COMACO A/S, Hammel, Denmark) at the age of 10 years. Subjects wore only underpants and a cotton T-shirt when weighed. BMI was calculated as kg/m 2 . No difference was seen between the control groups and the research groups with respect to weight gain during infancy (6, 17) .
Statistical analysis
Statistical analyses were performed using the SPSS for Windows statistical software package version 11?0 (SPSS Inc., Chicago, IL, USA). Means and standard deviations were used to describe the data. Comparison of infant weight and length measurements, as well as measures of growth and duration of EBF between countries, was made by the independent-samples t test. ANOVA and the post hoc Bonferoni test were used to assess differences in growth rate in infancy between infants exclusively breastfed for different durations (#2 months, 3-4 months and $5 months). Because the follow-up was made at different ages in Iceland and Denmark, age-and gender-specific quartiles were created to assess the impact of infant growth or feeding practices on weight-for-height measures in childhood. Logistic regression models were used to estimate the risk of being in the highest quartile of childhood BMI, using the weight, length and growth variables as continuous. Cut-off points for the highest 25 % for BMI in the age-and gender-specific quartiles were 16?44 kg/m 2 in 6-year-old boys, 16?39 kg/m 2 in 6-year-old girls, 17?87 kg/m 2 in 10-year-old boys and 17?96 kg/m 2 in 10-year-old girls. The growth measurements were converted to standard deviation scores taking age and sex into account using the British 1990 growth references (18, 19) . Linear regression models adjusting for factors such as birth weight, breast-feeding and country were used to assess the association between changes in infant growth patterns and childhood weight and height status. In the statistical analysis the level of significance was taken as P , 0?05.
Results
Weight and length in infancy
The weight and length of infants in the Icelandic and Danish cohorts are shown in Table 1 . By comparing weight and length growth between Icelandic and Danish infants it can be seen that the average birth weight was 411 (95 % CI 308, 514) g higher in the Icelandic cohort than the Danish (P , 0?001). Weight gain in the first two months was not significantly different between the two cohorts. The difference in weight seen between the two populations at birth diminished throughout infancy and at 12 months of age the difference in weight between the two cohorts was no longer significant. Birth length was not different between the two cohorts, but at the age of 2 months the Icelandic infants were about 1 cm longer and this difference persisted throughout infancy.
Infant feeding
Duration of EBF was on average 0?5 (95 % CI 0?05, 1?0) months longer in Iceland than in Denmark ( Table 1) . The association between duration of EBF and growth during the first year of life tended to be similar in the countries. Figure 1 shows the birth weight and weight gain in infants exclusively breast-fed for #2 months, 3-4 months and $5 months. Higher birth weight was associated with longer duration of EBF, which was attributed to the fact that Icelandic infants were heavier at birth and were exclusively breast-fed for a longer duration. Other associations seen between duration of EBF and weight or growth in infancy were not confounded by difference between cohorts. Infants exclusively breast-fed for #2 months Fig. 1 Association between birth weight and weight gain during infancy and duration of exclusive breast-feeding (EBF; , #2 months; , 3-4 months; , $5 months) in two populations with a long duration of EBF from Denmark and Iceland (*P , 0?01). Infants exclusively breast-fed for #2 months gained 348 (95 % CI 69, 626) g more weight in the period 2-6 months than those exclusively breast-fed for 3-4 months (P 5 0.009). A difference in weight gain from 2 to 6 months between infants exclusively breast-fed for #2 months compared with infants exclusively breast-fed for $5 months (389 g; 95 % CI -20, 798 g) was of borderline significance (P 5 0?068). Infants exclusively breast-fed for #2 months also tended to gain 421 (95 % CI 85, 756) g more weight from 6 to 12 months of age than infants exclusively breast-fed for $5 months (P 5 0?008) -Significance of the difference between countries using the independent-samples t test.
--At the age of 6 years in the Icelandic cohort and at the age of 10 years in the Danish cohort.
gained 348 (95 % CI 69, 626) g more weight in the period 2-6 months than those exclusively breast-fed for 3-4 months (P 5 0?009). A difference in weight gain from 2 to 6 months between infants exclusively breast-fed for #2 months compared with infants exclusively breast-fed for $5 months (389 g; 95 % CI 220, 798 g) was of borderline significance (P 5 0?068). Infants exclusively breast-fed for #2 months also tended to gain 421 (95 % CI 85, 756) g more weight from 6 to 12 months of age than infants exclusively breast-fed for $5 months (P 5 0?008). A correlation was seen between the duration of EBF and total duration of partial breast-feeding (r 5 0?766, P , 0?001) which might partly explain the finding that EBF was related to growth in the second half of infancy. The average duration of partial breast-feeding was 7?4 (SD 3?2) months in the Icelandic cohort and 6?4 (SD 4?0) months in the Danish. At the age of 12 months, 13 % and 19 % of infants were still breast-fed in Iceland and Denmark, respectively.
Follow-up
The association between weight and weight gain during infancy and childhood BMI was assessed for age-and gender-specific quartiles. These results can be seen in Table 2 , where the P for trend is based on the continuous variable adjusted for country. The difference in weight gain velocity in infancy between the age-and genderspecific quartiles of childhood BMI is largest for the weight gain from 2 to 6 months of age. The difference in growth patterns during infancy between those in the lowest and highest childhood BMI quartile in Iceland and Denmark can be seen in Fig. 2a and 2b . Age-and gender-specific quartiles were used in our primary analysis but in order to explore the relationship between infant growth and childhood BMI further we created Z-scores based on the UK growth references (20) . Greater weight change in terms of Z-score from the age of 2 months to the age of 6 months was associated with higher Z-score of childhood BMI when adjusted for birth weight, duration of exclusive breast-feeding and country (B 5 0?49, SE 5 0?11, P , 0?001, adj. R 2 5 0?15). When analysing the cohorts separately the association was seen -Logistic regression models estimating the risk of being in the highest age-and gender-specific quartile of childhood BMI, using the infant weight, infant weight gain and breast-feeding variables as continuous.
Weight ( to be stronger in the Icelandic cohort, where the growth rate from 2 to 6 months was found to explain 40 % of the variance in childhood BMI in the Icelandic model compared with 3 % in the Danish one (B 5 0?69, SE 5 0?13, P , 0?001, adj. R 2 5 0?40, and B 5 0?37, SE 5 0.17, P 5 0?035, adj. R 2 5 0?03, respectively). Those in the highest quartile of BMI in childhood tended to be shorter than the others at birth (P for trend 5 0?058). Other measurements of length or length growth during infancy were not related to childhood BMI. Duration of EBF was not different between BMI categories in childhood, neither in Iceland nor Denmark.
Discussion
The current paper presents data from two Nordic countries which were part of the Nordic longitudinal epidemiological research programme, the NordNet Study. Due to the similarity of the studies involved, as well as the detailed information on growth and feeding in infancy, we had the opportunity to study the association between growth velocity during narrow periods in infancy and childhood BMI. The results show that EBF beyond 2 months of age is related to lower weight gain from 2 to 6 months as well as from 6 to 12 months of age, and the growth velocity in the period from 2 months to the age of 6 months is related to high childhood BMI. The results also show that there are important differences as well as similarities between Iceland and Denmark in growth patterns.
The association between growth velocity in infancy and childhood BMI was found to be stronger in Iceland than in Denmark. At the time of the Icelandic infant study, regular cow's milk was introduced very early or alongside breast-feeding during weaning and at the same time the use of infant formula was uncommon (6) . Regular cow's milk has considerably higher protein content than breast milk or infant formula, and thus the practice of introducing cow's milk to young infants therefore increases the intake of protein considerably. Dietary protein can stimulate growth, and it has been suggested that high protein intake in early life increases the risk of obesity. The proposed mechanism is that high protein intake stimulates the secretion of insulin-like growth factor I (IGF-I) and thereby protein synthesis and cell proliferation (21) . The increased IGF-I levels may then accelerate growth and increase muscle mass and adipose tissue (22) . Earlier analysis from the Icelandic cohorts revealed that high protein intake in late infancy was positively related to childhood overweight (12) , and in a recent study from Germany high protein intake during the period of complementary feeding was associated with an unfavourable body composition at the age of 7 years (23) . However, high intake of protein in infancy was not related to childhood overweight in the Danish infants (13) , which may be explained by a smaller range in protein intake as well as a relatively low intake of protein. In many of the studies where rapid growth in early infancy is being related to the development of childhood or adult overweight, information on the method of infant feeding has either been lacking (2) or recorded only in the very first days of life (1, 3) . The emphasis on EBF has increased in recent years, with EBF for 6 months now being recommended (15) . In the present study EBF was not directly associated with childhood BMI, which could partly be explained by the relatively small sample size and therefore limitations in statistical power. However, EBF strongly influenced growth rate during infancy in the present study. It has been suggested that the lower BMI and lower risk of overweight among breast-fed children later in life is already achieved at 1 year of age (24) . Only very few studies have focused especially on duration of EBF in relation to childhood overweight (25, 26) , but the total duration of breast-feeding in relation to risk of overweight has been studied more thoroughly. Two recent meta-analysis addressed this question and both suggested a protective effect of breast-feeding (11, 27) , although the difference in BMI between breast-fed and formula-fed subjects was small (27) . It might be suggested that the means of complementary feeding strongly influences the association between breast-feeding duration and later BMI, and some cultural differences in complementary feeding practices between countries might partly explain differences observed between different studies (28) . A limitation of the present study is the different ages at follow-up and it cannot be excluded that some of the difference observed between the two cohorts in terms of how infant growth was related to childhood BMI is due to different ages at follow-up. However, strong tracking patterns of overweight were recently shown in an Icelandic cohort where about 72 % of the children who were overweight at age 6 years were still overweight at the age of 9 years (29) . This suggests that even though the followup was not conducted at exactly the same age in the two cohorts, it is likely that we would had come to a similar conclusion if the Icelandic children had been assessed at the age of 10 years instead of 6 years.
The greatest differences in weight and growth patterns between Icelandic and Danish infants seem to be in prenatal growth. The comparison made in the current study shows that the average birth weight of the Icelandic infants was about 400 g higher than among the Danish infants. What causes this difference is unclear, but the almost universal use of cod-liver oil by the Icelandic population as well as high intake of protein, through intake of fish and milk during pregnancy, has been suggested (30) (31) (32) . The meaning of this difference for health in later life has also been discussed, as low birth weight has been related to adult diseases in several studies and also in the high-birth-weight population of Iceland (30, 31, (33) (34) (35) . However, in recent studies high birth weight has in many cases been related to both childhood and adult overweight (36) (37) (38) (39) (40) , that might be related to the increasing pre-pregnancy weight of mothers following the obesity epidemic. In the present study birth weight was not a predictor of childhood BMI.
In conclusion, although the duration of EBF was not associated with childhood BMI in the present study it may modulate growth rate in infancy, which is related to childhood BMI. However, other factors determinative for infant growth also need to be considered when assessing the relationship of early growth and nutrition to childhood overweight, as traditions in complementary food might differ between populations.
